Abstract : The quality attributes of coffee treated with different concentrations of white ginseng extract were examined. Increased concentration of white ginseng extract was associated with higher color values (Hunter L. a, b scale). The crude saponin contents of untreated roasted coffee beans (control) and those coated with 5 o Brix (WGC-1) and 20 o Brix white ginseng extract (WGC-2) were 8.29%, 8.74%, and 8.93%, respectively. The total ginsenoside contents of WGC-1 and WGC-2 were 0.3 mg/g and 0.6 mg/g, respectively. In the case of major ginsenosides, the contents of ginsenosides Rg 1 , Rg 2 , Rb 1 , Rb 2 , Rg 2 , Rh 1 , and Rg 3 increased directly with the concentration of white ginseng extract. Total sugar and acidic polysaccharide contents also increased directly with the concentration of white ginseng extract. The coffee beans coated with ginseng extract scored significantly higher ginseng taste scores than the control (p<0.005) in sensory evaluation. In terms of coffee taste, WGC-2 had significantly lower scores than the commercial coffee bean. In the consumer sensory evaluation, overall preference did not differ significantly among the treatments.
INTRODUCTION
Belonging to Araliaceae, ginseng (Panax ginseng C.A Meyer) is a perennial herb that has long been used as an herbal medicine for maintenance and improvement of human health [1] . Ginseng's main active compound is ginseng saponin, also known as ginsenoside. Ginsenoside has a very distinct chemical structure compared to saponins found in other plants. The chemical structure of ginsenoside has been elucidated by Shibata et al. [2] . Ginsenoside has been shown to possess anti-diabetic activity [3] , antitumor effects [4] , and antioxidant activity [5] , to prevent arteriosclerosis and hypertension [6, 7] and improve liver function [8] , to have anti-fatigue and anti-stress activity [9, 10] as well as anti-inflammatory effects [11] and to improve allergic conditions and protein synthesis activity [12, 13] . Ginseng is grown for 4~6 years and harvested from August to October. Freshly harvested ginseng accounts for much of the market. The primary processed products are categorized as either red ginseng or white ginseng products depending on the method of production. Secondary processed products derived from primary processed products are again classified into either red ginseng or white ginseng products [14] . Market data of ginseng consumption in Korea from 2001 to 2005 suggest that fresh ginseng accounted for 50% of consumption, followed by white ginseng at 33%, red ginseng at 15%, and Taegeuk ginseng (semi-red ginseng, Yin-Yang ginseng) at 2%. Interestingly, consumption of white ginseng products such as ginseng extract and ginseng tea have been steadily decreasing since 1996, while the production and consumption of red ginseng products such as red ginseng extracts, red ginseng tea, and red ginseng capsules have all increased. With accumulating scientific evidence of the many beneficial effects of ginseng (Panax ginseng) and the introduction of ginseng as a raw material for making functional food, global demand for ginseng has risen dramatically. The main areas of ginseng production are China, parts of North America, Chile, Australia, and New Zealand. In China, ginseng production increased from 1,600 tons in 1985 to 8,000 tons in 1995, a five-fold increase within a decade [15] . Conversely, ginseng production in Korea has been decreasing, and the market share of Korean ginseng is uncertain under controls by the World Trade Organization. Under these difficulties, solutions to increase the production and sale of Korean ginseng are needed, as is research to develop high-quality Korean ginseng products as functional foods or medicines distinct from those produced in other countries [16, 17] . In addition, Korea ranks eleventh in the world in terms of coffee consumption (300 cups of coffee per person in a year), and thus the Korean coffee industry must keep pace with demand. The Korean coffee industry imports and processes approximately 80,000 tons of coffee beans every year, worth approximately 1 billion Korean won, and exports coffee products worth approximately 60 million U.S. dollars. It is expected that within a few years, the profits from coffee exports will exceed the cost of importing coffee beans. Contemporary coffee products increase the consumer's well-being, and various products such as coffee latte and green tea latte are on the market to suit many different consumer tastes. Currently, ginseng coffees consist of coffee mixed with ginseng powder. Considering the present market trend toward sophisticated coffee tastes with emphasis on high quality and functionality, this study examined the quality attributes of ginseng coffee created by combining coffee beans with white ginseng extracts and hydroxypropyl methyl cellulose (HPMC), by a microspraying and coating process.
MATERIALS AND METHODS

Materials
Samples were prepared from Columbia Excelso coffee beans purchased from Coffee Nouri Co.(Seoul, Korea), white ginseng extract purchased from Guan Industry Co. (Seoul, Korea), and HPMC purchased from Samsung Chemical Co. (Seoul, Korea).
Coating with white ginseng extract and production of ginseng coffee
White ginseng coating solution was made by mixing white ginseng extract (64 o Brix) with HPMC solution (5 g/100 mL water). Coffee beans (100 g) were roasted at 250 o C for 17 min and then coated with 40 ml of the white ginseng coating solution using a specially made spraying tool. After spraying, the beans were dried with cold blasts of air. The manufacturing process of ginseng coffee is shown in Fig. 1 
Chromaticity
The chromaticity of ginseng coffee was measured using drip coffee made from 7 g of crushed coffee beans and 400 mL of water with a coffee machine (DeLonghi, BCO 120T, USA). Chromaticity was determined by a spectrocolormeter (Color QUEST, Hunter, USA), calibrated with a standard white board (L=92.68, a=0.81, b=0.86). Chromaticity was calculated as mean values using the formula
2 after measuring lightness (L), redness (a), and yellowness (b) (Hunter Lab Co., USA) in triplicate.
Ginsenoside content
Separation and quantitation of ginsenoside was performed with a Sep-pak separation technique following Korean Industry Standard (KS) H 2153 from the Korean Standard Information Center. This method consisted of extracting 10 g of coffee sample with 150 mL of water and mixing with a stirrer. Samples were extracted twice, and the resulting extract was filtered with Whatman No. 2 filter paper. The remaining sample after filtering was washed with 100% methanol. It was then condensed under vacuum and dissolved in 30% aqueous methanol, followed by dissolution in 25 mL of sample extraction solution. Next, 5 mL of the sample was passed through a Sep-pak C 18 cartridge. The filtrate was discarded, and the Sep-pak C 18 cartridge was washed with 30% aqueous methanol. Five milliliters of methanol was passed through it and filtered through a 0.45 µm membrane filter, to be used as samples for analysis of saponin composition. This stage used a µBondapak TM C 18 Column (10 µm, 3.9 × 300 mm, Waters, Milford, MA, U.S.A) and a Jasco UV detector (203 nm). A water-acetonitrile (HPLC-grade, Sigma, USA) gradient was also utilized. The acetonitrile mobile phase varied according to the following schedule: 20% (0 min), 20% (5 min), 33% (38 min), 80% (63 min), 80% (75 min), 20% (77 min), and 20% (90 min). The mobile phase flow rate was set at 1.0 ml/min, 20 µL of sample was injected, and sample was analyzed at 35°C.
Crude saponin content
Approximately 5 g of white ginseng roast coffee powder was added to 50 mL n-butanol and extracted three times using a reflux cooling condenser at 80 o C. Extracted condensate was further extracted with 50 mL of distilled water using a separatory funnel. The resultant product of extraction was collected, and the n-butanol layer was subject to vacuum condensation, followed by the addition of 50 mL of ethyl ether and 30 min of reflux condensation at 46 o C using a water bath. The ethyl ether was completely removed. The resulting extract was dried at 105 o C in an oven until the weight no longer decreased.
Total sugar and acidic polysaccharide content
Two grams of sample was added to 100 mL of distilled water, extracted with a reflux condenser, and filtered through Whatman No. 2 filter paper. Ginseng coffee extract was filtered with a 0.45 µm membrane filter and used for total sugar analysis. For acidic polysaccharide analysis, 20 mL of heated water extract was used and 80 mL of cold ethanol was added to precipitate polysaccharides. Polysaccharide particles were collected by centrifugation at 10,000 x g for 20 min at 4 o C, and the precipitate was resuspended in distilled water and used for acidic polysaccharide content analysis. Total sugar content was quantified with the phenol-sulfuric acid method [18] using glucose as the standard, while acidic polysaccharide content was quantified with the carbazole-sulfuric acid method [19] using β-D-galacturonic acid as the standard.
Total phenolic compound content
Fifty milliliters of 80% aqueous methanol was added to 2 g of sample and ground. Soluble components were extracted using a reflux condenser. The extract was filtered through Whatman No. 2 filter paper and condensed under vacuum, dissolved in 30 mL of distilled water, filtered through 0.45 µm membrane filter, and used for total phenolic compound content analysis. Total phenolic compound content was quantified by the Folin-Ciocalteu method [20] , and chlorogenic acid was used as the standard.
Sensory evaluation
The palatability test, color, flavor, taste, and overall palatability were scored, with a score of 9 indicating the greatest palatability. The same scoring system was used for the intensity test, which measured color, flavor, and taste and had 9 as the highest score.
Statistical analysis
The sensory evaluation results are shown as means and standard deviations calculated by SAS software (version 9.1). To verify the significance of each group, analysis of variance (ANOVA) was used for analysis, and Duncan's multiple range test was applied for a retrospective verification. Brix white ginseng extract, respectively. These results suggest that yellowness also increased directly with the concentration of white ginseng extract. Thus the color of ginseng coffee beans and extracts was affected by the concentration of white ginseng extract.
RESULTS AND DISCUSSION
Chromaticity
Ginsenoside content
The composition ratio of saponin in Korean ginseng is divided into protopanaxadiols (PD) and protopanaxatriols (PT). In the central nervous system, PD saponins show sedative effects, whereas PT saponins show slow sedative effect. Representative PD (Rb 1 , Rb 2 , Rb 3 , Rc, Rd, Rg 3 , Rh 2 ) and PT (Rg 1 , Re, Rf, Rg 2 , Rh 1 ) saponins are Rb 1 and Rg 1 , respectively, and the ratio of PD/PT components is the major quality-indicating component of ginseng raw materials. Saponin analysis [21] of white ginseng and red ginseng extracts showed the PD/PT ratio to be approximately 2.01~2.44. To investigate if ginseng saponins were transferred onto roasted coffee beans after coating with white ginseng extract, ginsenoside content was determined. The results of ginsenoside content analysis are shown in Table 2 . Similar PD/PT ratios of 2.67 and 2.12 were found for roasted coffee beans coated with 
Crude saponin content
The crude saponin concentrations of roasted coffee beans coated with white ginseng extract are shown in Values are the mean ± S.D.
2)
Ginseng coffee treated by coating coffee beans with 5 o Brix white ginseng extract.
3)
Ginseng coffee treated by coating coffee beans with 20 o Brix white ginseng extract. 4) Luminosity.
5)
Redness. 6) Yellowness.
7)
Color difference. Ginseng coffee treated by coating coffee beans with 5 o Brix white ginseng extract. 3) Ginseng coffee treated by coating coffee beans with 20 o Brix white ginseng extract. o Brix white ginseng beans. These results suggest that as the concentration of white ginseng extract increased, the crude saponin content also increased to a small degree, and that there is a high level of crude saponin content in the coffee beans themselves.
Total sugar, acidic polysaccharides, and total phenolic concentrations
Changes in total sugar and phenolic content were measured and results are shown in Table 4 . For total sugar content, control coffee beans contained 4.36% sugar, 5 o Brix white ginseng beans contained 6.4% sugar, and 20 o Brix white ginseng beans contained 8.54% sugar. In terms of acidic polysaccharide content, the control coffee beans had 0.63% acidic polysaccharide content, and 5 o Brix and 20 o Brix white ginseng beans contained 0.82% and 0.84%, respectively. Acidic polysaccharide contents were much lower than total sugar content in the control as well as in the white ginseng beans; the low values for treated beans might be explained by the use of white instead of red ginseng in coating the roasted coffee beans. White ginseng has very low levels of acidic polysaccharide content. The level of acidic polysaccharide content has been found to be eight times higher in red ginseng than in white ginseng due to the hydrolytic reaction of sugars in red ginseng processing [22] . In this study, total sugar and acidic polysaccharide contents increased gradually as the concentration of white ginseng extract coating increased. In terms of total phenolic content, the control coffee beans had 4.81% total phenolics, and the 5 o Brix and 20 o Brix white ginseng beans contained 5.19% and 4.92% total phenolics, respectively, suggesting that there were no large differences in total phenolic content among the samples.
Sensory evaluation
The results of the sensory evaluation of white ginseng extract-coated coffee are shown in Tables 5 and 6 . As shown in 8.93 1) Ginseng coffee treated by coating coffee beans with 5 o Brix white ginseng extract. 2) Ginseng coffee treated by coating coffee beans with 20 o Brix white ginseng extract. Values are the mean ± S.D.
2)
Ginseng coffee treated by coating coffee beans with 20 o Brix white ginseng extract. Table 6 . There were no significant differences in palatability between the control coffee and the white ginseng coffee, with palatability scores of 5.57, 5.79., and 5.50 for the control coffee, 5 o Brix white ginseng coffee, and 20 o Brix white ginseng coffee, respectively. No significant differences were found in comprehensive preference, with scores of 5.93 for the control and 5.43 and 5.64 for the 5 o Brix and 20 o Brix white ginseng coffee, respectively. These results suggest that when making coffee with ginseng extract-coated coffee beans, the ginseng taste and fragrance could be partially recognized depending on the coating concentration, although this did not significantly influence overall preference in choosing ginseng coffee. Values are mean ± S.D.
Ginseng coffee treated by coating coffee beans with 20 o Brix white ginseng extract.
